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INTRODUCTION AND SUMMARY OF CONCLUSIONS

In the Pacific Northwest, there are currently 17 distinct population segments (DPS) or evolutionarily
significant units (ESUs)! of Pacific salmon and steelhead listed as threatened or endangered under
the Endangered Species Act (ESA) (Table 1). The ESA requires that the National Marine Fisheries
Service (NMFS) review the status of listed species under its authority at least every five years and
determine whether any species should be removed from the list or have its listing status changed.
The most recent such review for ESA listed salmon in the Pacific Northwest occurred in 2011, and did
not result in any changes in ESA listing status (Ford et al. 2011)2. NMFS is again conducting such a
review in 2015/163.

The NMFS West Coast Region is responsible for the 5-year review process and decision-making
regarding proposed changes in listing status. This report provides updated information and analyses
on the biological status of the listed species, focusing on 1) information on ESU boundaries, and 2)
trends and status in abundance, productivity, spatial structure and diversity. Where possible, this
review also summarizes current information with respect to recovery goals identified in recovery
plans or Technical Recovery Team viability documents.

In two of the three formal status reviews that supported the current listings (Good et al. 2005; Hard
et al. 2007) the Biological Review Team (BRT) categorized each ESU as either “in danger of
extinction”, “likely to become endangered” or “not likely to become endangered”, based on the ESU’s
abundance, productivity, spatial structure and diversity. In the third status review (Oregon Coast
coho salmon; (Stout et al. 2012), the three categories were instead referred to as “high”, “moderate”
and “low” risk, and included narrative and probability of extinction definitions for the “high” and
“moderate” risk categories (see p. 114 of Stout et al. 2012). In this report, for each listed ESU, we
summarize whether there is new biological information to indicate that an ESU is likely to have
moved from one of the three biological risk categories to another. In addition, we also note whether
each ESU appears to be stable, improving, or declining in risk status, whether or not such changes
warrant a change in category (Table 1). The information in the report will be incorporated into the
Region’s review, and the Region will make final determinations about any proposed changes in
listing status, taking into account not only biological information but also ongoing or planned
protective efforts and recovery actions.

1 For Pacific salmon, NMFS uses its 1991 ESU policy, that states that a population or group of
populations will be considered a Distinct Population Segment if it is an Evolutionarily Significant
Unit. The species 0. mykiss is under the joint jurisdiction of the NMFS and the Fish and Wildlife
Service, so in making its listing determinations NMFS used the 1996 Joint FWS-NMFS DPS policy for
this species. Throughout this document ESU and DPS are used interchangeably.

2 http://www.westcoast.fisheries.noaa.gov/publications/frn/2011/76fr50448.pdf

3 http://www.westcoast.fisheries.noaa.gov/publications/frn/2015/80fr6695.pdf
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Table 1 — Summary of current ESA listing status, recent trends and summary of conclusions

Species ESU/DPS 2010 risk ESA listing Recent risk Change in
category! status trend? risk
category!?
Chinook  Upper In danger of Endangered Stable No
Columbia extinction
spring
Snake River Likely to become Threatened Stable No
spring/summer endangered
Snake River fall  Likely to become Threatened Improving No
endangered
Upper Likely to become Threatened Declining No
Willamette endangered
spring
Lower Likely to become Threatened Stable/Improving No
Columbia endangered
Puget Sound Likely to become Threatened Stable/Declining  No
endangered
Coho Lower In danger of Threatened Stable/Improving No
Columbia extinction
Oregon Coast Moderate risk Threatened Improving Possibly
Sockeye Snake River In danger of Endangered Improving No
extinction
Lake Ozette Likely to become Threatened Stable No
endangered
Chum Hood Canal Likely to become Threatened Improving No
summer endangered
Columbia River Likely to become Threatened Stable No
endangered
Steelhead Upper In danger of Threatened Improving No
Columbia extinction
Snake River Likely to become Threatened Stable/Improving No
endangered
Middle Likely to become Threatened Stable/Improving No
Columbia endangered
Upper Likely to become Threatened Declining No
Willamette endangered
Lower Likely to become Threatened Stable No
Columbia endangered
Puget Sound Likely to become Threatened Stable No
endangered

1Risk category reflects the assessment of ESU/DPS viability summarized in the prior status review (Ford et al.
2011). These risk categories do not include an evaluation of the ESA Sec. 4(a)(1) listing factors, and thus do not
represent a conclusion regarding ESA listing status.

2Recent risk trend summarizes the overall trends in risk status for each ESU/DPS since the prior status review,
in the judgement of the chapter author considering all four VSP criteria (abundance, productivity, spatial
structure and diversity).




METHODS

This report includes both a set of common analyses conducted for each ESU as well as in some cases
ESU-specific analyses developed by the individual technical recovery teams (TRTs). Here, we
describe only the common set of analyses; see the individual sections for a description of the
analyses that pertain to specific ESUs.

Spawning abundance and trends - All of the Pacific Northwest TRTs spent considerable time and
effort developing spawning abundance data for the populations they identified within ESUs. In
almost all cases these estimates are derived from state, tribal or federal monitoring programs. The
raw information upon which the spawning abundance estimates were developed consists of
numerous types of data including redd counts, dam counts, carcass surveys, information on pre-
spawning mortality, and distribution within populations, which the TRTs used to develop estimates
of natural origin spawning abundance. Itis important to recognize that spawning abundance
estimates and related information such as the fraction of spawners that are natural origin are not in
most cases ‘facts’ that are known with certainty. Rather, they typically are estimates based on a
variety of sources of information, some known with greater precision or accuracy than others.
Ideally, these estimates would be characterized by a good understanding of the degree of variation
due to measurement error. However, for the most part such a statistical characterization is either
not possible or has not been attempted. The spawning time series summarized here and references
to the methods and sources for their development are available from the Northwest Fisheries Science
Center’s Salmon Population Summary database* and are also discussed in the ESU-specific chapters.

COMMON METRICS

Multivariate dynamic linear modeling (DLM) was used to estimate population-specific mean trends
in each ESU from the log of total spawner counts. The result is an estimate of the mean or smoothed
total spawner counts, from which summary statistics regarding trends were computed. We focus
exclusively on fish spawning in nature, but often these naturally spawning populations include some
numbers of hatchery-origin fish, either as part of a deliberate supplementation effort or due to
straying from hatchery populations. For the rest of this report, a “natural-origin” or “wild” fish refers
to a fish whose parents spawned naturally, and a “hatchery-origin” fish refers to a fish whose parents
were spawned in a hatchery, regardless of prior generation origin.

In order to estimate the trend of natural-origin spawners in populations that also include hatchery-
origin spawners, a univariate DLM was applied to the logit of the fraction natural-origin estimate to
produce a smoothed proportion natural-origin time series. This was used to produce an estimate of
the mean natural-origin spawners for years when fraction natural-origin estimates were unavailable.

The mean or smoothed total spawner count is similar (in concept) to a 3- or 5-year geometric mean;
the goal is the same—to produce an estimate that smooths over single year variation. Such variation
arises from observation error in the spawning counts and also from peaks and troughs in spawners

4 https://www.webapps.nwfsc.noaa.gov/apex/f?p=238:home:0.
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numbers due to the life-history of salmonids or environmental variation. The multivariate DLM
approach has a number of advantages. Most importantly it is a statistical model for which maximum-
likelihood diagnostics, model selection criteria, and confidence intervals are available. It is a time-
series model, which addresses temporal autocorrelation in the data. It deals with missing data and
provides an estimate for the missing year with appropriately wider confidence intervals. And lastly,
it allows us to use information across all populations within an ESU to estimate the level of year-to-
year variation in the mean spawner count—the process variance—and allows us to estimate the
year-to-year covariance, which is often high, across populations within an ESU. The latter improves
estimation of missing values because populations with data in one year help inform the values for
populations with missing data that year.

DYNAMIC LINEAR MODELING FOR TIME-VARYING TREND ESTIMATION

Dynamic linear models (DLMs) are similar to linear regression models with a yearly trend. Like a
classic trend analysis using linear regression, the goal is to estimate the mean spawner count at x,
where x is year (time). Linear regression models, however, use a time-constant yearly trend (which
appears as the regression line versus time) while DLMs allow the trend to be time-varying.

In mathematical terms this means that the classic linear regression of log spawners (y) against year
treats the trend () or yearly growth in the mean spawner count as a constant and fits the following
model:

Vi =%i-1+B
Ye=Vi+W
where y:are the observations, y, is the mean of y; and v; are normal-distributed errors. The mean

spawner count in year t is the mean spawner count in year t - 1 plus the constant trend value f.
Normally, we write this model in classic linear regression form as

Ve = o+ Pr+v,

with the mean of y; equal to a + $t. A DLM, in contrast, allows us to fit a model with a time-varying (3.
Specifically, the following model

Ve =1+ B = Vo1 Hut+w
Ye=Vi+V

The time-varying 3 is modeled as u + w;, where w; is a normally distributed random variable.

Figure 1 shows example spawner data where a time-varying sinusoidal 3 (yearly growth rate) was
used to generate counts (the circles) using the DLM model above. The black line in the top panel of
Figure 1 shows the true mean y. The red line shows the estimate from a linear regression of y against

9



year with a non-time-varying . The blue line shows the estimate from a DLM where the f is allowed
to vary in time. The bottom panel shows the estimate of § compared to the true sinusoidal {§ that
generated the data. This illustrates the power of DLM when the objective is to estimate a time-
varying trend.

MULTIVARIATE DLMS FOR ANALYSIS OF MULTIPLE TIME SERIES FROM ONE
ESU

A multivariate DLM allows one to estimate time-varying trends using a multiple observed time series,
in our case populations within ESU, where parameter sharing is allowed across the time series.
Specifically, one can constrain the variances to be the same across time series and to allow
covariance across time series. The latter allows information from time series with data in year t to
help inform the estimate of mean y for time series that have no data in year t.

Mathematically, the model being fit is

Vi Y g 1
Vi =|n + luz| + (w2
Y3, D3] us3 w3],

‘ 2 = )
AL

The u; are the long-term mean of ;;. The trend at year tis ;= u; + wj;. The w:and v, are error
terms drawn from a multivariate normal distribution with variance-covariance matrix Q and R
respectively. The structure of Q and R allows one to specify different types of parameter constraints
(for example equal variances across populations).

MODEL SELECTION

Model selection was used to select the structure of Q and R. The following structures were explored
for Q: diagonal with unequal variances (no covariance across populations in terms of good and bad
years and populations allowed to have different year-to-year variability), diagonal with equal
variances (no covariance across populations and populations constrained to have the same year-to-
year variability), one variance and one covariance across all populations, equal variances and
covariances across similar run timings in a population, and unconstrained (unique variances and
covariances across all populations). For R the following structures were explored: diagonal with
unequal variances (no covariance) and diagonal with equal variances. The R represents the residual
non-time-dependent error and was assumed not to covary across populations (Q and R cannot both
have covariance terms in the DLM due to identifiability constraints). Across the majority of ESUs,
model selection gave the most data support (quantified with AICc) to a Q with one variance and one
10



covariance across all populations in an ESU and an R, the residual variance-covariance matrix, with
one variance across populations. Because Q has covariance terms, estimates of mean spawner
numbers can be provided for populations with missing data because the data from other populations
helps inform the estimates (Figure 2 shows an example).

Expected value of y

® o
@ 4
o
] [e) o ©
— O
. o
> © (@]
1 o (@]
™ — True —— Linearreg. —— DLM
S
T T T T T l |
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<«
O
o
o _
o o
prust O v
= 2 Y
L
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b I T T T T T
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year

Figure 1 -- This figure compares a trend analysis using a non-time-varying trend (red line) via linear regression
versus a trend analysis using a time-varying trend (blue line). The black line is the true line we are trying to estimate
(with the red or blue line) and the dots in the top panel are the observations of the black line.
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CODE TO FIT A MULTIVARIATE DLM

The MARSS R package was used to fit multivariate DLMs to the log-spawner counts (or indices in
some cases). The package handles missing data entered as NAs for missing years. The following
example code fits 2 time-series via a multivariate DLM using the MARSS R package:

library(MARSS)

logspawners = log(matrix(c(
1106, 1503, 853, 566, 251, 424, 783, 639, 566, 413, 1035, 890,
7348, 6880, 2699, 1096, NA, NA, NA, 1318, 1127, 472, 637, 869
), 2,12, byrow=TRUE))

model=list(
Q="equalvarcov”,
R="diagonal and equal”,
U="unequal")

fit=MARSS(logspawners, model=model)

NATURAL-ORIGIN SPAWNER ESTIMATES

For some populations, there were estimates of the fraction of total natural spawners that were of
natural-origin. However, for many populations, these data were noisy and had many missing years.
In addition, the number of years with fraction natural-origin information was often shorter than the
years with total spawner counts. To estimate a mean natural-origin spawner estimate, similar to the
mean total spawner estimate, the mean total spawner estimate was multiplied by a smoothed
estimate of the fraction natural-origin. The smoothed estimate was produced by fitting a univariate
DLM to the logit z: = log(f /(1 - f)) of the fraction natural-origin estimates with a time-varying f.
Specifically, the following model was fit:

=211 +Bz+Wr

4 =Zt+Ww
The mean natural-origin spawner estimate at time t was then y; exp(z; )/(exp(z+ )+ 1). Each time

series of fraction natural-origin from each population was fit independently (no covariance assumed
across populations).

12



R P o left out

t(logspawners)
7
]

year

Figure 2 -- The estimated mean log (spawners) using a multivariate DLM. Notice that the information from the years
when data are available for time-series 1 are used to inform the estimate for time-series 2 for the missing years

(marked with a circle).

SUMMARY STATISTICS

The following summary statistics were reported for the mean total spawner estimates, the mean
natural origin spawner estimates, and the raw total and natural origin spawner estimates. These are
similar to statistics reported in prior status reviews.

15-year trends. A linear regression was fit to 15 years of the mean natural origin spawner estimate
and the slope (trend) reported.

5-year geometric means. 5-year geometric means were computed from the raw total and natural
origin spawner estimates, which may have missing values. When there were missing values, the
geometric mean was computed only from the non-missing values. For example, if 3 values were
available, (y1y2y3)(*/3) was reported.

Average fraction natural origin. These were computed from the raw estimates of fraction natural-

origin.

Productivity metric. Because age of return data were not consistently available across all ESUs and
populations, a generic productivity metric was computed as the mean natural-origin spawner

13



estimate at year t divided by the mean total spawner estimate at year t - 3 for coho salmon and ¢ - 4
for all other species.

Harvest. We compiled data on trends in the adult equivalent exploitation rate for each ESU. Itis
important to note that magnitude and trend of an exploitation rate cannot be interpreted uncritically
as a trend in level of risk from harvest. Analyses relating exploitation rate to extinction risk or
recovery probability have been conducted in a quantitative way for several ESUs ( e.g., NMFS 2001;
Ford et al. 2007; NWFSC 2010) and qualitatively for others (NMFS 2004). See specific sections for
details.

ESU BOUNDARIES

The ESA allows listing of species, subspecies and distinct population segments (DPS) of vertebrates.
The ESA as amended in 1978, however, provides no specific guidance for determining what
constitutes a DPS. Waples (1991) developed the concept of an Evolutionarily Significant Unit (ESU)
for identifying DPS for Pacific salmon. This concept was adopted by NMFES in applying the ESA to
anadromous salmonid species (NMFS 1991). The NMFS policy stipulates that a salmon population or
group of populations is considered a DPS if it represents an ESU of the biological species. An ESU is
defined as a population or group of populations that 1) is substantially reproductively isolated from
conspecific populations, and 2) represents an important component in the evolutionary legacy of the
species.

In 2006 NMFS changed its practice of applying the ESU policy to steelhead populations, and instead
applied the joint USFWS-NMFS DPS definition in determining species of steelhead for listing
consideration (71 FR 834, 5 January 2006). This change was initiated because steelhead are jointly
administered with USFWS, and USFWS does not use the ESU policy in its listing decisions (71 FR 834,
5 January 2006). Under the joint USFWS and NMFS DPS policy, a group of organisms is a DPS if it is
both “discrete” and “significant” from other such populations. Evidence of discreteness can include
being “markedly separated from other populations of the same taxon as a consequence of physical,
physiological, ecological, and behavioral factors,” and evidence of significance includes persistence in
an unusual or unique ecological setting, evidence that a group’s extinction would result in a
significant gap in the range of the taxon, or markedly different genetic characteristics from other
populations (see DPS Policy; 61 FR 4722 for details). NMFS has concluded that under the DPS policy,
resident and anadromous forms of steelhead are discrete (and hence are different DPS), whereas
biological review teams have generally concluded that resident and anadromous steelhead within a
common stream are part of the same ESU if there is no physical barrier to interbreeding (see Good et
al. 2005 for an extensive discussion of this issue).

Information that can be useful in determining the degree of reproductive isolation includes incidence
of straying, rates of recolonization, degree of genetic differentiation, and the existence of barriers to
migration. Insight into evolutionary significance or discreteness can be provided by data on genetic
and life history characteristics, habitat differences, and the effects of stocks transfers or
supplementation efforts on historical patterns of diversity.

14



Life history characteristics that have been useful in establishing ESU or DPS boundaries include
juvenile emigration and adult return timing, age structure, ocean migration patterns, and body size
and morphology, and reproductive traits (i.e., egg size). Population genetic structure can be very
informative for estimating the degree of reproductive isolation among populations. Similarly,
mark/recapture studies provide information on the level of inter-population migration, although
straying does not necessarily always result in successful genetic introgression if stray fish do not
breed or breed as effectively as fish from the local population.

Habitat and ecological information has been extensively used to establish ESU and DPS boundaries,
especially where there is little population specific information available. Given the high level of
homing fidelity exhibited by salmonids and the associated degree of local adaptation in life history
traits, habitat characteristics become a useful proxy for potential differences in life history traits.
Similarly, biogeographic boundaries and the distribution and ESU structure of similar species have
been used where information on the species in question is lacking.

In initially defining the structure of ESUs and DPSs, the BRTs analyzed a variety of different data
types of varying quality. At the time, the BRTs recognized that ESU boundaries would not necessarily
be discrete, but rather in some cases a transitional zone covering one or more basins might exist at
the interface between ESUs. In some cases, especially where there was not an obvious geographic
feature to rely on and in the absence of biological or genetic data, there was some degree of
uncertainty in the identification of ESU boundaries. Population-specific information was frequently
limited and in some cases natural populations in the apparent transitional zone had been extirpated
or modified by the transfer of fish between basins. Ultimately, the BRTs have used the best available
information to assign transitional populations into ESUs with the understanding that if additional
information became available the decisions regarding the boundaries could be revisited.

The majority of the ESUs and DPSs for Pacific salmon and steelhead were initially defined in the late
1990s as part of the coast-wide status review process undertaken by the NMFS. In the intervening
15 years, the most marked change in population monitoring has arguably been in the analysis of
additional genetic variation. The majority of the genetics information available to the original BRTs
in the 1990s was developed using starch-gel electrophoresis of allozymes. The utilization of DNA
microsatellite and single-nucleotide polymorphisms (SNPs) technology in fisheries during the last 20
years has provided a wealth of additional genetic information. Overall, these techniques have
provided a finer level of discrimination than was possible with allozymes. Furthermore, since the
initial listings there have been extensive monitoring efforts throughout the West Coast, many of
which include genetic analysis. Thus the quality and quantity of genetic information available to
address the issue of ESU and DPS delineation has improved considerably since the time of the
original ESA listings.

For a number of populations, monitoring efforts over the last 20 years have also expanded the
existing databases on abundance, spawn timing, and migratory patterns, and this information has
also been informative for understanding population structure. Additionally, the mass marking of
hatchery-origin juveniles has improved the quality of the data collected, especially regarding the life
history data of naturally-produced fish.

Ford et al. (2011) summarized information potentially justifying reconsideration of boundaries for
Puget Sound and Washington Coast ESUs of coho salmon, Lower Columbia River Chinook Salmon and
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Middle Columbia River Chinook Salmon Spring Run ESUs, and Lower Columbia River and Middle
Columbia River steelhead DPSs.

This review considers new information regarding the boundary between the Lower Columbia River
steelhead DPS and the Upper Willamette River Steelhead DPS. Specifically, we review new
information that may help clarify the placement of the native winter run steelhead in the Clackamas
River, a tributary to the lower Willamette River (Figure 3). This new information includes a genetic
analyses based on DNA data (microsatellites and single-nucleotide polymorphisms; SNPs) whereas
the original status reviews (Busby et al. 1996; Myers et al. 2006) examined protein-based allozyme
data. More importantly, the recent DNA studies also include samples representing more steelhead
populations, including the Clackamas River winter run, which was not well represented in the earlier
allozyme datasets. Currently, the native steelhead in the Willamette River below Willamette Falls are
included in the lower Columbia River DPS (Busby et al. 1996). These include winter run steelhead in
the Clackamas River basin (whose confluence is just below the falls), that are considered a
demographically independent population (DIP) within the Lower Columbia River DPS (Myers et al.
2006).

A number of other boundary issues have been raised, primarily regarding the extension of DPS/ESU
boundaries beyond the estimated historical range. These include: colonization by Lower Columbia
River coho salmon ESU fish into the Upper Willamette Basin and upstream of the Dalles Dam, or
colonization by late-winter steelhead upstream of the Calapooia River in the Upper Willamette River.
In these cases there is little doubt regarding the origin of the fish; however, the classification of these
fish and their spawning habitat is regarded as a policy question rather than a biological one and is
not considered here.

16



! 122°W
Clackamas and !

Mollala River
Winter Steelhead

(&7 WASHINGTON i

N

1
20 Miles

Map prepared April 2015.

Figure 3 - Map of the Lower Willamette River

INFORMATION RELATED TO THE ORIGINAL DELINEATION OF THE LOWER
COLUMBIA RIVER AND THE UPPER WILLAMETTE RIVER STEELHEAD DPS

The first coast-wide steelhead BRT (Busby et al. 1996) reviewed biological and geographic
information on steelhead populations to identify DPSs (then ESUs) in Washington, Idaho, Oregon and
California. Busby et al. (1996) reviewed previous genetic studies (primarily based on allozymes) and
also compiled and analyzed a data set consisting of 42 allozyme loci in 108 steelhead population
samples ranging from California to northern Washington. The Busby et al. (1996) analysis confirmed
earlier findings (Allendorf 1975; Utter & Allendorf 1977; Okazaki 1984; Schreck et al. 1986;
Reisenbichler et al. 1992) that the region’s steelhead populations consist of distinct coastal and
inland genetic lineages. In the Columbia River, the inland and coastal genetic lineages are separated
near the Cascade Crest. Busby et al. (1996) identified the Middle Columbia River, Upper Columbia
River, and Snake River DPSs within the inland lineage and the Lower Columbia River and Upper
Willamette River DPSs within the coastal genetic lineage. Both winter and summer run steelhead
populations are native to the Lower Columbia River and included in that DPS, whereas in the Upper
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Willamette River only late winter run steelhead were considered native and included in the Upper
Willamette River DPS.

Two of the steelhead allozyme studies reviewed by Busby et al. (1996) included population data from
the Lower Columbia and Willamette Rivers. Both Schreck et al. (1986) and Reisenbichler et al.
(1992) used cluster analyses to depict population groupings and found that steelhead in the Upper
Willamette River, above Willamette Falls formed a genetic group distinct from Lower Columbia River
populations. The study by Schreck et al. (1986) included samples of winter run steelhead from Eagle
Creek National Fish Hatchery, which is located on Eagle Creek, a tributary to the Clackamas River.
Eagle Creek NFH has propagated Big Creek stock from the Lower Columbia River and Clackamas
River stock, however the stock origins of the majority of steelhead hatchery releases in Eagle Creek
prior to 1989 are unknown (Myers et al. 2006). Schreck et al. (1986) analyzed data from two Eagle
Creek NFH stocks, identified in their report as Big Creek and Native. In their allozyme analysis, both
the Big Creek and Native samples from Eagle Creek NFH were genetically most similar to the Lower
Columbia River populations, forming a separate sub-group different from Upper Willamette River
late-winter run samples.

Subsequent to the Busby et al. (1996) review, genetic relationships among steelhead populations in
the Willamette River and lower Columbia River basins were examined as part of a study of historical
population structure of the region’s salmon and steelhead (Myers et al. 2006). Myers et al. (2006)
analyzed a Washington Department of Fish and Wildlife (WDFW) allozyme dataset focusing on the
Lower Columbia River and computed genetic distances between each pair of populations. Within the
Lower Columbia River DPS, the distance values and a dendrogram based on them revealed little
genetic differentiation that aligned with geographic relationships. The dataset included a single
sample of Clackamas River winter run steelhead, which clustered separately from other lower river
populations. Myers et al. (1996) also analyzed a NWFSC allozyme data set, which included
population data from both the Upper Willamette River and Lower Columbia River DPSs. The NWFSC
data did not include samples from Willamette River steelhead below Willamette Falls. In a
dendrogram based on the NWFSC allozyme data all of the native winter run populations from the
Upper Willamette River clustered separately from Lower Columbia River summer and winter run
steelhead, a finding consistent with previous studies indicating genetic differentiation between the
two DPSs.

In addition to genetic differences, the previous reviews examined differences in run and spawn
timing between winter run steelhead in the Lower Columbia River and Upper Willamette River.
Although adult timing patterns differ among lower Columbia River populations, winter runs are
considered “early”, primarily entering freshwater beginning in October with peak spawning
occurring in winter (Howell et al. 1985). Native winter run populations in the upper Willamette
River are considered “late winter” and enter freshwater beginning in February with peak spawning
occurring in the spring. Steelhead in the Clackamas River are late winter run type with peak
spawning in May and June (Oregon Department of Fish and Wildlife (ODFW) 1990; Murtagh et al.
1992). Stone (1878) also noted that steelhead in the Clackamas River, especially those in the upper
basin, peak in May but may spawn into the late spring and early summer.

In the original BRT status review (Busby et al. 1996), the boundary between the Lower Columbia
River DPS and Upper Willamette River DPS was identified as Willamette Falls on the Willamette
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River (rkm 43). The location of the DPS boundary was based on two factors. First, the allozyme data
of Schreck et al. (1986) showed a genetic affinity of steelhead in the Willamette River below the falls
with populations in the Lower Columbia River. Second, under historic flow conditions Willamette
Falls was only passable during high river flows in winter and spring and therefore may have been an
isolating mechanism for Upper Willamette River steelhead. The seasonal flow patterns permitted the
basin’s winter run steelhead to ascend the falls and access upriver spawning areas beginning in late
March or April (Dimick & Merryfield 1945). However, the falls provided a migration barrier to adults
returning in other seasons, including summer steelhead. Willamette Falls was also a historic barrier
to adult coho and fall Chinook salmon and was identified as an ESU boundary for spring Chinook
salmon (Myers et al. 1998).

NEW GENETIC INFORMATION ON LOWER COLUMBIA RIVER AND UPPER
WILLAMETTE RIVER STEELHEAD

Recent steelhead DNA studies have provided new information on population genetic structure in the
Columbia River Basin. Blankenship et al. (2011) surveyed genetic variation at 13 microsatellite DNA
loci in 226 sample collections from throughout the Columbia and Snake rivers. In their analyses,
inland and coastal genetic lineages were distinct and within the coastal lineage population
aggregates were generally concordant with DPS configurations. Native late winter run populations
in the Upper Willamette River clustered separately from Lower Columbia River winter and summer
run populations. Samples of introduced (from the Lower Columbia River) summer and early winter
steelhead in the Upper Willamette River were assigned as part of the Lower Columbia River genetic
aggregate. Blankenship et al. (2011) included samples from Eagle Creek NFH and also from Eagle
Creek natural origin steelhead. In addition, they analyzed genetic samples from winter run steelhead
collected at the Clackamas River North Fork Dam and also a Clackamas River sample of unknown run
time and origin (hatchery or wild). Similar to the earlier allozyme study of Schreck et al. (1986), the
Eagle Creek NFH sample clustered with Lower Columbia River populations in the microsatellite DNA
analysis. However, the natural-origin Eagle Creek samples and both Clackamas River samples were
more similar to the Upper Willamette River late winter run genetic aggregate.

Matala et al. (2014) conducted the first geographically broad examination of steelhead genetic
population structure in the Columbia and Snake rivers using SNPs. They used a set of 158 putatively
neutral SNPs (i.e., SNPs not under natural selection) to analyze genetic relationships among
populations in the coastal steelhead lineage. Their study included nine population samples in the
Lower Columbia River, four in the Clackamas River, and six from the Upper Willamette River. The
Clackamas River samples included both winter run and introduced Skamania summer run stock. The
Upper Willamette River samples were from native winter run populations in eastside tributaries and
winter run steelhead from presumptive introduced populations in westside tributaries. Matala et al.
(2014) found that population relationships depicted using the 158 SNPs aligned with DPS
designations with native winter run steelhead, with eastside Upper Willamette River tributaries
forming a group distinct from Lower Columbia River populations. In their analysis, populations in
Upper Willamette River westside tributaries clustered with Lower Columbia River samples,
providing further support for the hypothesis that these populations originated from introduction of
Lower Columbia River fish. Similar to the microsatellite results of Blankenship et al. (2011), Matala
et al. (2014) found that the Clackamas River and naturally spawning Eagle Creek winter run samples
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clustered with Upper Willamette River native winter run steelhead and not with the Lower Columbia
River samples.

Recently, Van Doornik et al. (2015) studied steelhead population genetic structure in the Willamette
River. The study employed 15 microsatellite DNA loci and included several new samples of both the
river’s native and introduced populations. Samples from earlier studies were also examined in the

study, including the Clackamas River samples analyzed by Blankenship et al. (2011). Van Doornik et

al. (2015) identified three major Willamette River population groups consisting of 1) introduced
summer run populations, 2) introduced early winter run and western tributary populations and 3)
native late winter run populations in eastern tributaries. A sample of the Eagle Creek NFH early

winter run population was included in the second early winter group, while samples of Clackamas
River and Eagle Creek naturally produced steelhead were included in the third, native late winter run
genetic group. Van Doornik et al. (2015) noted that their data also suggested some introgression by
the introduced early winter run into the wild Clackamas River late winter populations.

For the current review, 13 microsatellite DNA loci were compiled from the Blankenship et al. (2011)
and Van Doornik et al. (2015) studies to further examine whether Clackamas River late winter run
steelhead align with populations in the Lower Columbia River or the native Willamette River genetic
population group. Data were from 15 populations in the Lower Columbia River, three Clackamas
River late winter populations, and six native populations from the Willamette River from above
Willamette Falls (Table 2). For some locations, samples taken from multiple years were pooled.

Table 2 - Collection information for samples used to analyze genetic relationships among steelhead samples in the
Lower Columbia River and Willamette River. Included were samples of natural spawning populations and the Cowlitz
Hatchery late winter run population, which is part of the Lower Columbia River DPS. DPS abbreviations are LCR,
Lower Columbia River and UWR, Upper Willamette River. Microsatellite DNA data for Lower Columbia River
populations are from Blankenship et al. (2011). Microsatellite DNA data for Clackamas and Willamette River

populations are from Van Doornik et al. (2015).

. . Collection Sample
Sampling Location DPS Run type year Size
Lower Columbia River
Cowlitz River Hatchery LCR Late Winter 2008 96
Cowlitz River, Barrier Dam LCR Winter 2005 143
Cowlitz River tributaries LCR Winter 2008-2009 59
Coweeman River LCR Winter 2006 138
Green River LCR Winter 2006 97
North Fork Toutle River LCR Winter 2005 99
South Fork Toutle River LCR Winter 2005-2007 73
Kalama River LCR Summer 2005 100
Kalama River Trap LCR Winter 2005 47
North Fork Lewis River, Cedar LCR Winter 2005 60
Trap
North Fork Lewis River, LCR Winter 2005 98
Merwin Dam
East Fork Lewis River LCR Winter 2005-2006 77
Sandy River, Marmot Dam LCR Winter 2005 98
Washougal River LCR Winter 2005-2006 71
Hood River, Powerdale Dam LCR Winter 2006 99

Willamette River
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Collection Sample

Sampling Location DPS Run type year Size
Clackamas River LCR Late winter 2000 41
Clackamas River, Eagle Creek LCR Late winter 2000 63
Clackamas River, North Fork LCR Late winter 2005 42
Dam

North Fork Molalla River UWR Late winter 1996 49
North Santiam River, Bennett UWR Late winter 2005 45
Dam

South Santiam River, Foster UWR Late winter 2005 49
Dam

South Santiam River, Foster UWR Late winter 2009 50
Dam

South Santiam River, Wiley UWR Late winter 1997 28
Creek

Calapooia River UWR Late winter 1997 36

Population genetic structure was assessed with the analytical methodologies used in the recent
Willamette River steelhead study conducted by Van Doornik et al. (2015). Details on the methods
used for the following analyses are provided in that study. Genetic diversity among samples was
examined by computing pair-wise Fsrvalues using the program GenAlEx (Peakall and Smouse 2006).
The critical value used to test for significance between pair-wise Fsr values (P = 0.008) was corrected
for multiple tests (Narum 2006). Fsrvalues were significantly different from each other for all pairs
of samples, except for Foster Dam (2009) with North Santiam (P = 0.073), and for North Fork
Mollalla with Wiley Creek (P = 0.022). The average Fsrvalue in comparisons of Clackamas River
samples with Upper Willamette River samples was 0.023 (Table GENX2). Comparisons of Clackamas
River samples with samples in the Lower Columbia River DPS averaged 0.032. These average Fsr
values suggest that Clackamas River steelhead are more genetically differentiated from Lower
Columbia River steelhead than they are from Upper Willamette River fish.

Table 3 -- Average pairwise Fsrvalues for 24 steelhead populations in the Lower Columbia River and Willamette
River.

Comparison Average Fsr
All samples 0.030
Within Willamette River (including Clackamas

River) 0.019
Within Lower Columbia River 0.016
Willamette River (including Clackamas River) vs

Lower Columbia River 0.045
Clackamas River vs other Willamette River 0.023
Clackamas River vs Lower Columbia River 0.032

Genetic population structure was examined by estimating Cavalli-Sforza and Edwards (1967) chord
distances among samples over 1,000 bootstrap replicates using PHYLIP (Felsenstein 2005). The
resulting distance values were then used to construct a consensus neighbor-joining tree (Figure 4).
In addition, a principal coordinates analysis was conducted based upon pairwise Fsr values (Figure
5). Consistent with previous DNA analyses (Blakenship et al. 2011, Matala et al. 2014, Van Doornik et
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al. 2015), both figures depict two main clusters comprised of Lower Columbia River and Willamette
River samples. Clackamas River samples clustered with upper Willamette River samples.

Cowlitz Barrier

SF Toutle

CowlitzH

NF Lewis, NF Toutle
Merwin
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Figure 4 -- Consensus neighbor-joining tree of Cavalli-Sforza and Edwards (1967) chord distances for lower Columbia
River and Willamette River steelhead samples. Bootstrap values are show at nodes with >50% consensus.
Populations with “wi” or no notation are winter run, summer run populations are notated with “su”. “H” - hatchery-
origin.
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Figure 5 -- Principal components plot of pairwise Fsr values among lower Columbia River and Willamette River
steelhead samples. Populations with “wi” or no notation are winter run, summer run populations are notated with
“su”. “H” - hatchery-origin.

A Bayesian clustering analysis implemented in the program STRUCTURE (Falush et al. 2003) was
used to infer the number of populations or population groups present in the compiled microsatellite
dataset. In this analysis population membership of each individual fish sample is not identified a
priori. Using the methods and parameters described by Van Doornik et al. (2015) these analyses
revealed that two population groups were most likely (i.e., had the greatest value of the metric 4K).
Each of the 24 population samples was then evaluated for proportional membership in the two
population groups. Lower Columbia River samples predominately belonged to the first group with
membership coefficients ranging from 0.58 to 0.95 (Table 4). Willamette River samples, including
those from the Clackamas River primarily belonged to the second group with membership
coefficients from 0.75 to 0.96.

Table 4 -- Population group membership values for lower Columbia River and Willamette River steelhead samples.

Membership Coefficient

Sampling Location Run Type PopGroupl PopGroup?2 Chart
LOWER COLUMBIA RIVER

Cowlitz River Hatchery Late Winter 0.945 0.055 ‘
Cowlitz River, Barrier Dam Winter 0.913 0.087 .
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Membership Coefficient

Sampling Location Run Type PopGroupl PopGroup?2 Chart

Cowlitz River tributaries Winter 0.843 0.157 .
Coweeman River Winter 0.781 0.219 .
Green River Winter 0.845 0.155 .
North Fork Toutle River Winter 0.903 0.097 .
South Fork Toutle River Winter 0.830 0.170 .
Kalama River Summer 0.821 0.179 .
Kalama River Trap Winter 0.751 0.249 .
?;)ar;h Fork Lewis River, Cedar Winter 0.828 0172 .
ﬂgﬁ&;‘g;ﬁewm River, Winter 0.790 0.210 .
East Fork Lewis River Winter 0.745 0.255 ‘
Sandy River, Marmot Dam Winter 0.601 0.399 .
Washougal River Winter 0.673 0.327 .
Hood River, Powerdale Dam Winter 0.576 0.424 .

WILLAMETTE RIVER
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Membership Coefficient

Sampling Location Run Type PopGroupl PopGroup?2 Chart
Clackamas River Late winter 0.119 0.881 .
Clackamas River, Eagle Creek Late winter 0.120 0.880 '
CDI:I;:lkamas River, North Fork 1 0 winter  0.254 0.746 (5
North Fork Molalla River Late winter 0.108 0.893 .
g;’;fh Santiam River, Bennett ..o vinter  0.070 0.930 9
%‘;‘;ﬁf‘;gg;iam River, Foster | te winter ~ 0.103 0.897 (o
%‘;‘;ﬁf‘;gg;iam River, Foster | te winter ~ 0.059 0.942 O
ﬁiﬁﬁﬂ Santiam River, Wiley Late winter  0.103 0.897 (o
Calapooia River Late winter 0.037 0.963 ‘
CONCLUSIONS

The review of recent DNA studies presented here, as well as the genetic analysis conducted for this
report indicate that winter run steelhead in the Clackamas River are genetically more similar to
native winter run steelhead in the Upper Willamette River than to steelhead in the Lower Columbia
River. At the time of the original coast-wide status review (Busby et al. 1996) allozyme data existed
for only a single putative native Clackamas River winter run population from Eagle Creek NFH.
Analysis of that sample suggested that Clackamas River steelhead were genetically aligned with
Lower Columbia River populations. It is possible that overlap in adult return times may have
resulted in interbreeding of the steelhead stocks cultured at Eagle Creek NFH, including the Big Creek
stock that was imported from the Lower Columbia River. If so, that may explain the affinity of that

25



earlier genetic sample with those from the Lower Columbia River. Van Doornik et al. (2015) pointed
out that the microsatellite DNA data, as evidenced in the STRUCTURE analysis of population group
membership, also suggest that Clackamas River winter run steelhead may have experienced some
level of introgression from Lower Columbia River stocks. That observation is supported here, where
membership coefficients to the Lower Columbia River population group were somewhat greater for
Clackamas River samples than for upper Willamette River samples. Overall, the new genetic
information indicates that the boundary of the Lower Columbia River DPS and Upper Willamette
River DPS should be revised. In addition, a review of the boundary would benefit from the collection
of genetic data from any winter run steelhead populations in the Willamette River below Willamette
Falls that have not previously been sampled. For example, natural spawning steelhead populations
were historically present in Johnson and Mount Scott creeks (Myers et al. 2006).
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INTERIOR COLUMBIA RIVER DOMAIN STATUS SUMMARIES

UPPER COLUMBIA RIVER SPRING-RUN CHINOOK SALMON ESU

BRIEF DESCRIPTION OF ESU

The Upper Columbia Spring-Run Chinook salmon ESU includes naturally spawning spring-run
Chinook salmon in the major tributaries entering the Columbia River upstream of Rock Island Dam
and associated hatchery programs (70FR37160; Figure 6). The ESU was listed as Endangered under
the ESA in 1998 (affirmed in 2005 and 2012).
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Figure 6 - Map of the Upper Columbia River Chinook salmon ESU’s spawning and rearing areas, illustrating
populations and major population groups.

SUMMARY OF PREVIOUS STATUS CONCLUSIONS

2005
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In the 2005 review, a slight majority (53%) of the cumulative votes cast by the BRT members placed
this ESU in the “in danger of extinction” category, with the next category, “likely to become
endangered”, receiving a substantial number of votes as well (45%) (Good et al. 2005). The 2005
BRT review noted that Upper Columbia Spring Chinook populations had “rebounded somewhat from
the critically low levels” observed in the 1998 review. Although the BRT considered this an
encouraging sign, they noted that the increase was largely driven by returns in the two most recent
spawning years available at the time of the review. The BRT ratings were also influenced by the fact
that two out of the three extant populations in this ESU were subject to extreme hatchery
intervention measures in response to the extreme downturn in returns during the 1990s. Good et al.
(2005) stated that these measures were “...a strong indication of the ongoing risks to this ESU,
although the associated hatchery programs may ultimately play a role in helping to restore naturally
self-sustaining populations.”

2010

The status of the ESU in 2010 was reported in Ford et al. (2011). At that time, the Upper Columbia
Spring Chinook ESU was not currently meeting the viability criteria (adapted from the ICTRT) in the
Upper Columbia Recovery Plan. Increases in natural origin abundance relative to the extremely low
spawning levels observed in the mid-1990s were encouraging; however, average productivity levels
remained extremely low. Overall, the report concluded that the viability of the Upper Columbia
Spring Chinook salmon ESU had likely improved somewhat since the time of the last BRT status
review, but the ESU was still clearly at moderate-to-high risk of extinction.

DESCRIPTION OF NEW DATA AVAILABLE FOR THIS REVIEW

Annual abundance estimates for each of the extant populations in this ESU are generated based on
expansions from redd surveys and carcass sampling. Index area redd counts have been conducted in
these river systems since the late 1950’s. Multiple pass surveys in index areas complemented by
supplemental surveys covering the majority of spawning reaches have been conducted since the mid
1980’s. For more recent years, estimates of annual returns to the Wenatchee River population also
reflect counts and sampling data obtained at a trap at the Tumwater Dam on the mainstem river
downstream of spring Chinook spawning areas. The data series for each population has been
updated to include return years 2009 to 2014. Recent year estimates of spawner abundance,
hatchery and natural origin proportions and age composition were provided by the Washington
Department of Fish and Wildlife and are available through the WDFW SCoRE website5.

Smolt Production

Natural production of spring Chinook salmon from the Chiwawa River tributary to the Wenatchee
River has been monitored since 1991 (Hillman et al. 2015). Smolt traps at the mouth of the Chiwawa
River and in the downstream Wenatchee River mainstem allow for generating annual estimates of
total smolt production resulting from spawning in the Chiwawa River. Most of the smolts leaving the
Wenatchee River from production in the Chiwawa River emigrate as yearlings in the spring of their
second year of life. A portion of Chiwawa River production moves downstream in the summer and

5 https://fortress.wa.gov/dfw/score/score/species/chinook.jsp?species=Chinook#spawning
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fall and overwinters in the mainstem Wenatchee River before emigrating in the spring. Analyses
done in support of a life cycle model for Wenatchee Spring Chinook indicate that the proportion of
presmolts emigrating downstream for extended rearing and overwintering increases substantially
with density (Jorgensen et al. 2013a). Smolt production from the Chiwawa River has increased since
the early 1990s, with peak production occurring in 2001 and 2002 (Figure 7).

Smolt to Adult Return Rates

The ICTRT current productivity metric incorporates an adjustment for annual smolt to adult return
rate (SAR) estimates to reduce the impact of short-term climate variability (ICTRT 2007b). The SAR
index used for all three Upper Columbia River Spring Chinook salmon population data series uses
natural origin smolt-to-adult estimates derived from smolt and adult monitoring of production from
the Chiwawa River along with a longer data series of smolt to adult return survival estimates for
Leavenworth Hatchery releases. The indices represent cumulative out of basin survivals
(downstream passage, ocean life stages, upstream passage including harvest escapement rates). The
SAR series has been updated to include estimates through the 2009 brood year (Figure 8). SAR
estimates for the 2006-2008 brood outmigrants were at the high end of the range for the whole
series, but below the peak SAR levels observed in the early 2000s. The aggregate Upper Columbia
SAR series showed similar patterns to SARs for other Interior Columbia River ESUs; relatively low
survivals in the early 1990s brood years followed by peaks in the late 1990s and late 2000’s. The
large year to year fluctuations in marine survival reflected in these series makes it difficult to detect
potential changes in abundance that might result from recent actions to improve survival or capacity.
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Figure 7 - Chiwawa River natural smolt production. Top: number of smolts produced vs. parent brood year redd
counts. Bottom: number of smolts produced that are natal rearing (black bars) and downstream rearing (striped
bars) components by brood year (Hillman et al. 2014).
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Upper Columbia Spring Chinook

Rescaled Smolt to Adult Return Rate (SAR)
4

Brood Year

Figure 8 - Upper-Columbia River natural-origin spring Chinook salmon aggregate smolt-to-adult return rates (blue
points and heavy dashed line) estimated as brood year ratios of smolt outmigrants to returning adults. Aggregate
SARs for other Interior Columbia basin ESUs and DPSs provided for comparison. Snake River aggregate
Spring/Summer Chinook (solid blue), Snake River aggregate natural origin steelhead (dashed green), Tuccannon
spring Chinook (dotted blue). Upper Columbia steelhead (green dashed line), Mid-Columbia steelhead (red line).
Each SAR series is rescaled by dividing annual values by the corresponding series mean to faclilitate relative
comparison. Lines are three year moving averages.

Ocean Condition Indices

Upper Columbia spring Chinook salmon are a component of the Columbia River spring Chinook run
that is believed to occupy mid-shelf waters during the early ocean life history phase (see
Environmental Trends section below). Aggregate annual returns of Columbia River Spring Chinook
are correlated with a range of ocean condition indices including measures of broad scale physical
conditions, local biological indicators, and local physical factors (Peterson et al. 2014a). Several
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indicators, either individually or in combination, correlate well with spring Chinook salmon adult
returns with a lag of 1 to 2 years. However, for each specific indicator or combination, there are
anomalous years that fall outside of the apparent relationships. Work is continuing to further
understand the relationships among physical and biological ‘drivers’ and annual levels of ocean
survival for salmonid species in the ocean environment. After accounting for age at return at time of
ocean entry, the annual pattern in the Upper Columbia spring Chinook ESU SAR index generally
corresponds to the composite rankings across ocean indicators available for early ocean years
starting in the late 1990s (Peterson et al. 2014).

Multiple Population Analyses

The 2009 FCRPS Adaptive Management and Implementation Plan called for more detailed
metapopulation analyses that could be used to help identify populations particularly vulnerable to
extinction due to isolation as well as to understand commonalities and differences in year to year
variations among populations (Fullerton et al. 2013). Preliminary results indicate that the three
extant Upper Columbia spring Chinook salmon populations are relatively distinct and isolated from
other populations, both in terms of genetics/dispersal characteristics as well as in patterns of annual
abundance. In the multiple population abundance trend analysis, all three Upper Columbia River
populations showed a strong correlation with a particular pattern that was not identified with
populations from other regions; a general increase from the late 1950s through the mid 1980s
followed by an abrupt decline and a subsequent slow increase (Jorgensen et al. 2013b). More effort
will be needed to understand the drivers for this pattern and the implications for future
environmental influence.

ABUNDANCE AND PRODUCTIVITY

Updated data series on spawner abundance, age structure and hatchery/natural proportions were
used to generate current assessments of abundance and productivity at the population level.
Evaluations were done using both a set of metrics corresponding to those used in prior Biological
Review Team (BRT) reviews as well as a set corresponding to the specific viability criteria based on
ICTRT recommendations for this ESU. The BRT level metrics were consistently done across all ESUs
and DPSs to facilitate comparisons across domains. Assessments using the ICTRT metrics are
described in the TRT and Recovery Plan Criteria section below. The ICTRT abundance and
productivity metrics are measured over longer time frames to dampen the effects of annual
variations and they use annual natural origin age composition to calculate brood year recruitment
when sampling levels meet regional fishery agency criteria.

Annual spawning escapements for all three of the extant Upper Columbia spring Chinook populations
showed steep declines beginning in the late 1980s, leading to extremely low abundance levels in the
mid-1990s (Figure 9, Table 5). The steep downward trend reflects the extremely low return rates for
natural production from the 1990-94 brood years (Figure 10). Brood year replacement rates were
consistently below 1.0 even at low parent spawner levels throughout the 1990s. Steeply declining
trends across indices of total spawner abundance were a major consideration in the 1997 BRT risk
assessment prior to listing of the ESU. Updating the data series to include 2009-2014, the short-term
(e.g., 15 year) trend in wild spawners has been neutral for the Wenatchee population and positive for
the Entiat and Methow populations (Table 6). In general, both total and natural origin escapements
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for all three populations increased sharply from 1999 through 2002 and have shown substantial year
to year variations in the years following, with peaks around 2001 and 2010. Average natural origin
returns remain well below ICTRT minimum threshold levels.
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Figure 9 -- Smoothed trend in estimated total (thick black line) and natural (thin red line) population spawning
abundance. Points show the annual raw spawning abundance estimates.

The annual return per spawner series for each population directly reflects the patterns in natural
origin aboundance (Figure 10). Brood year escapements with positive return per spawner values are
associated with those years leading up to the peaks in natural origin spawner returns in each series.
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Salmon, Chinook (Upper Columbia River spring—run ESU)
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Figure 10 - Trends in population productivity, estimated as the log of the smoothed natural origin spawning
abundance in year t - smoothed natural spawning abundance in year (t - 4). Spawning years on x-axis.

Table 5 -- 5-year geometric mean of raw natural spawner counts. This is the raw total spawner count times
the fraction natural estimate, if available. In parentheses, 5-year geometric mean of raw total spawner
counts is shown. A value only in parentheses means that a total spawner count was available but no or only
one estimate of natural spawners available. The geometric mean was computed as the product of counts
raised to the power of reciprocal the number of counts available (2 to 5). A minimum of 2 values was used
to compute the geometric mean. Percent change between the most recent two 5-year periods is shown on

the far right.

Population

MPG

1990-1994

1995-1999  2000-2004  2005-2009  2010-2014

% Change

Methow R. SpR. | Up. Columbia/East Slope Cascades | 722 (867)
Entiat R. SpR | Up. Columbia/East Slope Cascades | 153 (179)
Wenatchee R. SpR | Up. Columbia/East Slope Cascades | 621 (735)

14 (75) 292 (2171
37 (56) 148 (280)

) 379 (1470) 425 (1828)
129 (278) 265 (360)

120 (192) 860 (1652) 385 (1671) 785 (2254)

12 (24)
105 (29)
104 (35)

Table 6 -- 15-year trends in log natural spawner abundance computed from a linear regression applied to
the smoothed natural spawner log abundance estimate. Only populations with at least 4 natural spawner
estimates from 1980 to 2014 are shown and with atleast 2 data points in the first 5 years and last 5 years of

the 15-year period.

Population

MPG

1990-2005

1999-2014

Methow R. SpR
Entiat R. SpR
Wenatchee R. SpR

Up. Columbia/East Slope Cascades
Up. Columbia/East Slope Cascades
Up. Columbia/East Slope Cascades

-0.05 (-0.15, 0.06)
0.03 (-0.09, 0.15)
0.02 (-0.1, 0.14)

0.07 (0.02, 0.12)
0.08 (0.01, 0.14)
0.01 (-0.05, 0.07)

Smolt Production

34



Natural production of spring Chinook salmon from the Chiwawa River tributary to the Wenatchee
River has been monitored since 1991 (Hillman et al. 2015). Smolt traps at the mouth of the Chiwawa
River and in the downstream Wenatchee River mainstem allow for generating annual estimates of
total smolt production resulting from spawning in the Chiwawa River. Most of the smolts leaving the
Wenatchee River from production in the Chiwawa River emigrate as yearlings in the spring of their
second year. A portion of Chiwawa River production moves downstream in the summer and fall and
overwinters in the mainstem Wenatchee River before emigrating in the spring (Figure 7). Smolt
production from two other Wenatchee River tributaries has been monitored for shorter periods;
Nason Creek (2012 starting year) and White River (2012 starting year). Both series show some
indication of density dependent effects at higher parent spawning levels (Hillman et al., 2014)

Harvest

Spring Chinook salmon from the upper Columbia basin migrate offshore in marine water and where
impacts in ocean salmon fisheries are too low to be quantified. The only significant harvest occurs in
the mainstem Columbia River in tribal and non-tribal fisheries directed at hatchery spring Chinook
salmon from the Columbia and Willamette Rivers. Exploitation rates have remained relatively low,
generally below 10%, though they have been increasing in recent years (Figure 11). The increases
have resulted from increased allowable harvest rates under the abundance driven sliding scale
harvest rate strategy guiding annual management in response to continued large returns of hatchery
spring Chinook to the Columbia River Basin.

18%
16% -
14% -
12%
10%
8%
6%
4%
2%

0% 1 T T T T T T
1980 1985 1990 1995 2000 2005 2010

year

total exploitation rate

T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

Figure 11 -- Total exploitation rate for upper Columbia River spring Chinook salmon. Data from the Columbia River
Technical Advisory Committee (TAC 2015).
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SPATIAL STRUCTURE AND DIVERSITY

The proportions of natural origin contributions to spawning in the Wenatchee and Methow
populations have trended downwards since 1990 (Figure 12, Table 7), reflecting the large increase in
releases and subsequent returns from the directed supplementation programs in those two
drainages (Hillman et al. 2015). There is no direct hatchery supplementation program in the Entiat
River. Hatchery-origin spawners in the Entiat River system are predominately strays from Entiat
NFH releases. The Entiat NFH spring Chinook release program was discontinued in 2007, and the
upward trend in proportional natural origin since then can be attributed to that closure. Inrecent
years, hatchery supplementation returns from the adjacent Wenatchee River program have also
strayed into the Entiat (Ford et al. 2015). The nearby Eastbank Hatchery facility is used for rearing
the Wenatchee River supplementation stock prior to transfer to the Chiwawa acclimation pond. Itis
possible that some of the returns from that program are homing on the Eastbank facility and then
straying into the Entiat River, the nearest spawning area.
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Figure 12 - Smoothed trend in the estimated fraction of the natural spawning population consisting of fish of natural
origin. Points show the annual raw estimates.
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Table 7 -- 5-year mean of fraction natural origin (sum of all estimates divided by the number of estimates).
Blanks mean no estimate available in that 5-year range.

Population | 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014
Methow R. SpR 0.84 0.61 0.16 0.27 0.24
Entiat R. SpR 0.86 0.70 0.56 0.47 0.74
Wenatchee R. SpR 0.86 0.66 0.54 0.24 0.35

BIOLOGICAL STATUS RELATIVE TO RECOVERY GOALS

NOAA Fisheries (National Marine Fisheries Service adopted a recovery plan for Upper Columbia
Spring Chinook and steelhead in 2007 (FR 72 #194. 57303-57307). The Plan was developed by the
Upper Columbia Salmon Recovery Board (UCSRB) and is available through their website
(http://www.ucsrb.com/). The Upper Columbia Salmon Recovery Plan’s overall goal is “...to achieve
recovery and delisting of spring Chinook salmon and steelhead by ensuring the long-term
persistence of viable populations of naturally produced fish distributed across their native range.”

Two incremental levels of recovery objectives are incorporated into the Upper Columbia Salmon
Recovery Plan. Increasing natural production sufficiently to upgrade each Upper Columbia River ESU
from “endangered” to “threatened” status is stated as an initial objective. The Plan includes three
specific quantitative reclassification criteria expressed relative to population viability curves (ICTRT
2007). Abundance and productivity of natural origin spring Chinook salmon within each of the
extant Upper Columbia populations, measured as 8-year geometric means (representing
approximately two generations), must fall above the viability curve representing the minimum
combinations projecting to a 10% risk of extinction over 100 years. In addition, the plan
incorporates explicit criteria for spatial structure and diversity adopted from the ICTRT viability
report. The mean score for the three metrics representing natural rates and spatially mediated
processes should result in a moderate or lower risk in each of the three populations and all threats
defined as high risk must be addressed. In addition, the mean score for the eight ICTRT metrics
tracking natural levels of variation should result in a moderate or lower risk score at the population
level.

Achieving recovery (delisting) of each ESU via sufficient improvement in the abundance,
productivity, spatial structure and diversity is the longer-term goal of the UCSRB Plan. The Plan
includes two specific quantitative criteria for assessing the status of the Spring Chinook ESU against
the recovery objective; “The 12-year geometric mean (representing approximately three
generations) of abundance and productivity of naturally produced spring Chinook within the
Wenatchee, Entiat and Methow populations must reach a level that would have not less than a 5%
extinction-risk (viability) over a 100 year period” and “at a minimum, the Upper Columbia Spring
Chinook ESU will maintain at least 4,500 naturally produced spawners and a spawner:spawner ratio
greater than 1:1 distributed among the three populations”. The minimum number of naturally
produced spawners (expressed as 12 year geometric means) should exceed 2,000 each for the
Wenatchee and Methow River populations and 500 within the Entiat River. Minimum productivity
thresholds were also established in the Plan. The 12-year geometric mean productivity should
exceed 1.2 spawners per parent spawner for the two larger populations (Wenatchee and Methow
Rivers), and 1.4 for the smaller Entiat River population. The ICTRT had recommended that at least
two of the three extant populations be targeted for highly viable status (less than 1% risk of
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extinction over 100 years) because of the relatively low number of extant populations remaining in
the ESU. The UC Plan adopted an alternative approach for addressing the limited number of
populations in the ESU - 5% or less risk of extinction for all three extant populations.

The Upper Columbia Salmon Recovery Plan also calls for ‘... restoring the distribution of naturally
produced spring Chinook salmon and steelhead to previously occupied areas where practical; and
conserving their genetic and phenotypic diversity.” Specific criteria included in the UCSRB Plan
reflect a combination of the specific criteria recommended by the ICTRT (ICTRT 2007) and in the
earlier QAR effort (Ford et al. 2001). The Plan incorporates spatial structure criteria specific to each
spring Chinook salmon population. For the Wenatchee River population, the criteria call for
observed natural spawning in four of the five major spawning areas as well as in at least one of the
minor spawning areas downstream of Tumwater Dam. In the Methow River, natural spawning
should be observed in three major spawning areas. In each case, the major spawning areas should
include a minimum of 5% of the total return to the system or 20 redds, whichever is greater. The
Entiat River Spring Chinook population includes a single historical major spawning area.

The Plan calls for meeting or exceeding the same basic spatial structure and diversity criteria
adopted from the ICTRT viability report for recovery as for reclassification (see above).
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Recovery Status Update

Table 8 - Upper Columbia spring Chinook salmon ESU population viability status summary. Current abundance and productivity estimates are geometric means. Range in
annual abundance, standard error and number of qualifying estimates for productivities in parentheses. Upward arrows: current estimates increased over prior review. Oval:

no change since prior review.

Population Abundance and productivity metrics Spatial structure and diversity metrics Overall
ICTRT Natural ICTRT Integrated A/P Natural Diversity Integrated viability
minimum spawning productivity risk processes risk SS/D risk rating
threshold abundance risk
Wenatchee River 2,000 545 @ 060 ‘M High Low High High High risk
2005-2014 (311-1,030) (0.27, 15/20)
Entiat River 500 166 A 094 M High Moderate High High High risk
2005-2014 ’
005-20 (78-354) (0.18, 12/20)
Methow River 379 4 046 ©O High Low High High High risk
2005-2014 2,000 (189'929) (031, 16/20)
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Overall abundance and productivity (A/P) remains rated at high risk for the each of the three extant

populations in this MPG/ESU (Table 8). The 10-year geometric mean abundance of adult natural-
origin spawners has increased for each population relative to the levels reported in the 2011 status
update, but natural origin escapements remain below the corresponding ICTRT thresholds. The
combinations of current abundance and productivity for each population result in a high risk rating
when compared to the ICTRT viability curves.

The composite spatial structure/diversity (SS/D) risks for all three of the extant populations in this
MPG are rated at high (Table 8). The spatial processes component of the SS/D risk is low for the
Wenatchee and Methow river populations and moderate for the Entiat River (due to a loss of
production in lower section which increases effective distance to other populations). All three of the
extant populations in this MPG are rated at high risk for diversity, driven primarily by chronically
high proportions of hatchery-origin spawners in natural spawning areas and lack of genetic diversity
among the natural-origin spawners (ICTRT 2008).

Based on the combined ratings for A/P and SS/D, all three of the extant populations of Upper
Columbia spring Chinook salmon remain rated at high overall risk (Table 8).

UPDATED BIOLOGICAL RISK SUMMARY

Current estimates of natural origin spawner abundance increased relative to the levels observed in
the prior review for all three extant populations, and productivities were higher for the Wenatchee
and Entiat and unchanged for the Methow. However abundance and productivy remained well
below the viable thresholds called for in the Upper Columbia Recovery Plan for all three populations.
Short-term patterns in those indicators appear to be largely driven by year-to year fluctuations in
survival rates in areas outside of these watersheds. All three populations continued to be rated at
low risk for spatial structure but at high risk for diversity criteria. Large-scale supplementation
efforts in the Methow and Wenatchee Rivers are ongoing, intended to counter short-term
demographic risks given current average survival levels and the associated year-to-year variability.
Under the current recovery plan, habitat protection and restoration actions are being implemented
that are directed at key limiting factors. Achieving natural origin abundance and productivity levels
above the threshold viability curve corresponding to 5% risk in extinction will require substantial
improvements in survival and/or natural production capacity (Figure 13). Given the high degree of
year-to-year variability in life stage survivals and the time lags resulting from the 5 year life cycle of
the populations, it is not possible to detect incremental gains from habitat actions implemented to
date in population level measures of adult abundance or productivity. Efforts are underway to
develop life stage specific estimates of performance (survival and capacities) and to use a life cycle
model framework to evaluate progress. Based on the information available for this review, the risk
category for the Upper Columbia Spring Chinook ESU remains unchanged from the prior review
(Ford et al. 2011). Although the status of the ESU is improved relative to measures available at the
time of listing, all three populations remain at high risk.
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Figure 13 -- Abundance and productivity gaps for Upper Columbia spring Chinook ESU populations (map also includes
Snake River Spring/Summer Chinook ESU populations for comparison). Populations with insufficient data to
generate gaps are shaded in gray. Gaps are defined as relative improvement in productivity or limiting capacity
required for a population to exceed its corresponding 5% risk viability curve (ICTRT 2007).

The Upper Columbia Recovery Plan includes a number of strategies for improving survival in
tributary habitats and the mainstem migration corridor along with complementary harvest
management and hatchery management regimes. The time frames for implementing actions and for
those actions to result in improved survivals vary across strategies. Improved passage survivals
relative to conditions prevalent at the time of listing are expected to be relatively immediate. Given
the anticipated action implementation schedule and assumptions regarding time lags for realizing
target habitat improvements incorporated into the Upper Columbia Recovery Plan, improvements in
survival due to changes in habitat conditions are expected accrue over a 10-50 year period.
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UPPER COLUMBIA RIVER STEELHEAD DPS

BRIEF DESCRIPTION OF ESU

The Upper Columbia Steelhead DPS includes all naturally spawned anadromous O. mykiss (steelhead)
populations below natural and manmade impassable barriers in streams in the Columbia River Basin
upstream from the Yakima River, Washington, to the US-Canada border, as well as six artificial
propagation programs: the Wenatchee River, Wells Hatchery (in the Methow and Okanogan Rivers),
Winthrop NFH, Omak Creek and the Ringold steelhead hatchery programs (Figure 14). The Upper
Columbia Steelhead DPS was originally listed under the ESA in 1997; it is currently designated as
threatened.
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Figure 14 - Map of the Upper steelhead DPS’s spawning and rearing areas, illustrating populations and major
population groups.

NOAA Fisheries has defined DPSs of steelhead to include only the anadromous members of this
species (70 FR 67130). Our approach to assessing the current status of a steelhead DPS is based
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evaluating information the abundance, productivity, spatial structure and diversity of the
anadromous component of the species (Good et al. 2005; 70 FR 67130). Many steelhead populations
along the West Coast of the U.S. co-occur with conspecific populations of resident rainbow trout. We
recognize that there may be situations where reproductive contributions from resident rainbow
trout may mitigate short-term extinction risk for some steelhead DPSs (Good et al. 2005; 70 FR
67130). We assume that any benefits to an anadromous population resulting from the presence of a
conspecific resident form will be reflected in direct measures of the current status of the anadromous
form.

SUMMARY OF PREVIOUS STATUS CONCLUSIONS
2005

The 2005 BRT cited low growth rate/productivity as the most serious risk factor for the Upper
Columbia River steelhead DPS (Good et al. 2005). In particular, the BRT concluded that the
extremely low replacement rate of natural spawners highlighted in the 1998 review continued
through the subsequent brood cycle. The 2005 BRT assessment also identified very low natural
spawner abundance compared to interim escapement objectives and high levels of hatchery
spawners in natural areas as contributing risk factors. The 2005 BRT report did note that the
number of naturally produced steelhead returning to spawn within this DPS had increased over the
levels reported in the 1998 status review. As with the Mid-Columbia and Snake River DPS reviews,
the 2005 BRT recognized that resident 0. mykiss were associated with anadromous steelhead
production areas for this DPS. The review stated that the presence of resident 0. mykiss was
considered a mitigating factor by many of the BRT members in rating extinction risk.

2010

The 2010 status review update reported that Upper Columbia steelhead populations had increased in
natural origin abundance in recent years, but productivity levels remained low (Ford et al. 2011).
The proportions of hatchery origin returns in natural spawning areas remained extremely high
across the DPS, especially in the Methow and Okanogan River populations. The modest
improvements in natural returns that had been observed the years prior to the review were probably
primarily the result of several years of relatively good natural survival in the ocean and tributary
habitats. Tributary habitat actions called for in the Upper Columbia Recovery Plan were anticipated
to be implemented over the next 25 years and the benefits of some of those actions would require
some time to be realized. Overall, the new information considered did not indicate a change in the
biological risk category since the time of the last BRT status review.

DESCRIPTION OF NEW DATA AVAILABLE FOR THIS REVIEW

The 2011 NWFSC status review (Ford et. al 2011) evaluated the status of the Upper Columbia
Steelhead DPS based on data series through cycle year 2008/2009 for each of the four extant
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populations, along with sampling information collected at Priest Rapids Dam for the aggregate return
to the Upper Columbia Basin and Wells Dam (Methow and Okanogan populations combined).
Estimates generated using that methodology are currently available through the 2013/2014 cycle
years for each population. Spawning escapement estimates are based on a run reconstruction model
incorporating annual dam counts, results of a three year radio tracking program and estimates of
broodstock and fisheries removals in various reaches above Rock Island Dam. Estimates are
generated by WDFW regional staff (ncorporating information from the Colville Tribal Fish & Wildlife
Department) and are available through the WDFW SCoRE websitet. An updated approach for
estimating population level escapements has been initiated in recent years. That approach uses
mark/recapture statistics based on data generated from the combination of systematic PIT tagging of
a target proportion of the returns passing Rock Island Dam (below all four population spawning
tributaries) and subsequent detections at arrays in each of the tributaries. Preliminary comparisons
of the results from the updated approach with the methods used in prior years indicate they
generally produce compatible estimates for a given year. It is anticipated that future estimates of
annual population level spawning escapements for the Upper Columbia Steelhead DPS will be based
on the new methods. After five or more years are available to allow for refinements in the approach
and a comparison of results from applying the old and new methodologies under a range of return
levels, prior year escapement reconstructions may be revised (A. Murdoch, WDFW, pers. comm).

The SAR index for the Upper Columbia Steelhead DPS series uses natural origin smolt to adult
estimates based on gatewell smolt sampling at Rock Island Dam and adult return combined with
natural origin adult monitoring at Priest Rapids Dam. The index represent cumulative out of basin
survivals - downstream passage, ocean life stages, upstream passage including harvest impact
(Figure 16).

ABUNDANCE AND PRODUCTIVITY

Updated data series on spawner abundance, age structure and hatchery wild proportions were used
to generate current assessments of abundance and productivity at the population level. Evaluations
were done using both a set of metrics corresponding to those used in prior Biological Review Team
(BRT) reviews as well as a set corresponding to the specific viability criteria based on ICTRT
recommendations for this ESU. The BRT level metrics were consistently done across all ESUs and
DPSs to facilitate comparisons across domains. Assessments using the ICTRT metrics are described
in the TRT and Recovery Plan Criteria section below. The ICTRT abundance and productivity metrics
are measured over longer time frames to dampen the effects of annual variations and they use annual
natural origin age composition to calculate brood year recruitment when sampling levels meet
regional fishery agency criteria.

The most recent estimates (5-year geometric mean) of total and natural-origin spawner abundance
have increased relative to the prior review for all four populations (Figure 17 ,Table 9). The
abundance series for the aggregate return monitored at Priest Rapids Dam (Figure 15) and for all

6 https://fortress.wa.gov/dfw/score/
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four populations generally reflect a common pattern in annual returns for both hatchery and natural
origin fish. Although the magnitudes vary among the individual populations, each series shows three
peaks in annual returns occurring in the mid-1980s, the early 2000s and 2010/2011. That pattern
appears to be largely driven by variations in smolt to adult return rates (Figure 16). In spite of the
recent increases, natural-origin returns remain well below target levels.

Priest Rapids Steelhead Run
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Figure 15 - Estimated passage of steelhead at Priest Rapids Dam based on ladder counts and WDFW trap sampling for
run composition. (Brood year = passage year+1) Sampling program initiated in 1986 and are estimates of total
(hatchery plus wild) run size. Counts for prior years were not directly sampled to determine hatchery proportions.

Annual brood year return-per-spawner estimates have been well below replacement in recent years
for all four populations, with the exception of a few years for the Wenatchee River. The return per
spawner estimates summarized in Figure 18 are ratios of the estimated natural origin returns
produced from spawners in each brood year, under the assumption that both hatchery and natural
origin fish contribute to production as parent spawners. In spite of the fact that each population is
consistently exhibiting natural production rates well below replacement, natural production has not
declined consistently, but has fluctuated at levels well below recovery objectives. The large numbers
of hatchery fish on the spawning grounds each year may be subsidizing spawning at levels well above
the current natural carrying capacity of the system.
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Upper Columbia Steelhead

Rescaled Smolt to Adult Return Rate (SAR)
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Figure 16 - Upper-Columbia River natural origin steelhead aggregate smolt to adult return rates (green points and
heavy dashed line). Aggregate SARs for other Interior Columbia basin ESUs and DPSs provided for comparison.
Snake River aggregate Spring/Summer Chinook (solid blue), Snake River aggregate natural origin steelhead (dashed
green), Tuccannon spring Chinook salmon (dotted blue), Mid-Columbia steelhead (red line). Ea